To assess the transcriptional roles of the TAFs, strains 1996), because its Drosophila homolog interacts with containing the conditional alleles were grown in permis-TFIIB and the VP16 activation domain in vitro (Goodrich sive conditions, TAF shutoff was initiated by the addition et al., 1993). Surprisingly, and in contrast with our obserof copper sulfate, and transcription was assayed by S1 vations on other TAFs, we find that depletion of TAF17 nuclease protection at various times after the shift. As results in a decrease in transcription of most, but not an initial characterization, we analyzed transcription of all, pol II genes. A subset of TAFs including the histoneded1, which contains a typical TATA-containing prolike TAFs have recently been shown to be present in moter (Struhl, 1985) scribed above and previously, depletion of TAF17 causes Using this method, we generated yeast strains harbora significant overall decrease in the transcription of both ing conditional alleles of yeast TAF17, TAF40, and TAF67 his3 (from both ϩ1 and ϩ13 TATA elements) and ded1 (Moqtaderi et al., 1996b). As expected, these strains ( Figure 2 ). It is very unlikely that the deleterious effects grow normally in the absence of copper, but they stop of TAF17 depletion on his3 are merely a more extreme growing within 6 hr upon the addition of copper sulfate manifestation of the selective ϩ1 defect observed above to 500 M (Figure 1 ). The kinetics of growth inhibition and that the ϩ1 defect is a harbinger of overall transcripupon copper addition are comparable to those observed tional loss. In the TAF17 shutoff, as with a shutoff of the previously when using the same method to deplete other TAFs, TBP, or TFIIB (Moqtaderi et al., 1996a) . general transcription factors TBP or TFIIB (Cormack and In the course of these experiments, we found that ZRT1, which encodes a high-affinity zinc transporter (Zhao and Eide, 1996) , is inducible by copper (Figure 3 ). Although cup1 transcription appears unaffected by TAF17 depletion, copper-inducible transcription of zrt1 is reduced over time as TAF17 is depleted. Copper induction of zrt1 is unlikely to involve Ace1 or a direct effect of copper. Instead, the addition of copper probably causes zinc limitation, a condition that stimulates zrt1 transcription in a manner that depends on the Zap1 activator protein (Zhao and Eide, 1997). Thus, these results suggest that TAF17 is important for Zap1-dependent activation but is not essential for Ace1-dependent activation.
TAF17-Depleted Cells Can Mediate De Novo Transcriptional Activation by Heat Shock Factor
We also examined TAF17-depleted cells for the ability to induce transcription of heat shock genes de novo ( Figure 5 ). In this experiment, cells were treated with copper for 8 hr, conditions under which transcription of most genes has already been significantly reduced, and then subjected to a short (14 min) heat shock. Analysis Cultures of the parental strain, TFIIB shutoff strain (IIB), or TAF17 shutoff strain (17) before or 8 hr after shutoff by copper addition were split, with half being subjected to a heat shock. Activation of the heat shock genes SSA4 and HSP104 was assayed by S1 nuclease protection. cells depleted of TFIIB do not activate hsp104 or ssa4 transcription after a brief heat shock. We conclude from this, taken together with the results on cup1, that the transcriptional defects seen upon TAF17 depletion are unlikely to be attributable to some uniquely deleterious effect of TAF17 depletion on TFIID integrity. Depletion TAF17 Is Important for the Transcription of Most Genes of other TAFs, such as TAF130, disrupts TFIID integrity without causing broad transcriptional defects. These Unlike previously studied TAFs, which are required for transcription of relatively few genes, we find that TAF17 observations suggest that the broad importance of TAF17 might also involve a function(s) exercised outside is important for the transcription of most genes. Although the kinetics of the broad transcriptional defects of TFIID. The recent discovery that TAF17 is a member of the after TAF17 depletion are slightly slower than those observed upon depletion of the general factor TFIIB, they SAGA histone acetylase complex (Grant et al., 1998a) provides an obvious context for non-TFIID functions of are nonetheless too rapid to be accounted for as the indirect result of the specific transcriptional shutoff of TAF17. The SAGA complex is generally thought to be nonessential, because deletion of Gcn5 histone acesome crucial gene. A model invoking such an indirect effect would have to posit not only that TAF17 exerts tylase or several of the Ada or Spt components selectively affects transcription of a small subset of genes highly specialized transcriptional control over a few critical genes, but also that the proteins encoded by these (Roberts and Winston, 1997; Grant et al., 1998b). SAGA may have a more significant role, because mutations of affected genes are very short lived. In fact, the Ponceau S staining profile of total cellular protein remains normal the Ada1 or Ada5/Spt20 components cause more severe phenotypes, including slow cell growth (Marcus et al., after TAF17 shutoff, indicating that most proteins, whatever the transcriptional status of the genes encoding 1996; Roberts and Winston, 1996; Horiuchi et al., 1997), but it seems unlikely that the broad effects of TAF17 them, are stable over the time course of the experiment. Furthermore, extracts prepared from transcriptionally could be entirely due to its presence in SAGA. Instead, we suggest that the broad transcriptional role of TAF17 inactive cells (due to thermal inactivation of TBP) are fully competent for basal transcription in vitro, indicating might be due to its presence in both the TFIID and SAGA complexes such that eliminating TAF17 from only one that the remaining basic components of the pol II machinery are relatively stable (Schultz et al., 1992) . Most complex has only a selective effect on transcription. In addition, TAF17 might be present in yet other complexes convincingly, the ability of TAF17-depleted cells to mount a de novo heat shock response implies that all that could contribute to its widespread effects on transcription. the proteins involved in the basic aspects of pol II transcription remain present after TAF17 depletion, even
Because the histone H3-like TAF17 and the histone H4-like TAF60 interact to form a histone-like tetramer 1996) and SAGA (Grant et al., 1997) are histone acetylases; that is, if both complexes are functionally inacti- (Xie et al., 1996) , it might be expected that depletion of vated, the genomic chromatin is largely deacetylated either TAF should result in similar transcriptional effects. and, hence, transcriptionally repressed. However, we previously reported that depletion of In light of these models, it is interesting to consider TAF60 does not have a dramatic effect on transcription, why cells depleted for TAF17 or Srb4 retain the ability although a small and general effect was observed at to mediate activation by Ace1 and heat shock factor, later time points (Moqtaderi et al., 1996a) . Although this even though transcription of most genes is strongly im-TAF60 depletion dramatically decreases TAF60 protein paired. At present, it is unclear whether this results from levels and TFIID integrity, it is of course possible that the raw strength or special properties of these activaour depletion of TAF60 is less efficient than the depletion tors. In the context of the activator-target model, certain of TAF17 and that a low amount of TAF60 (and hence strong activators might efficiently use any of several TFIID) might be sufficient for many transcriptional targets and thus be less strictly dependent on any one. events. This could reflect a difference in relative sensitivIn contrast, a typical activator might be entirely reliant ity to Ubr1-dependent proteolysis of the TAF17 and on the presence of a particular target, or it might need TAF60 derivatives, which could occur in the context of the presence of multiple targets to generate a significant TFIID, SAGA, or the uncomplexed protein. In this regard, transcriptional response. In terms of the other models recent experiments using thermosensitive alleles sugfor TAF17 function, Ace1 and heat shock factor might gest that TAF60 and the histone H2B-like TAF61 (which override the effects of a defective (but not completely we have not tested) have broad effects on transcription inactive) pol II machinery, or they might interact with the comparable to those mediated by TAF17 (Michel et al., pol II machinery with sufficient affinity to recruit it to 1998).
promoters even in the context of repressed chromatin.
Experimental Procedures

Models for TAF17 Function
There are three classes of models to account for the 
